Hyponatremia and Hepatorenal Syndrome

Arpan Mohanty, MD, and Guadalupe Garcia-Tsao, MD

Dr Mohanty is a clinical fellow in the
Section of Digestive Diseases at Yale
University School of Medicine in New
Haven, Connecticut and is affiliated with
the Section of Digestive Diseases at the
Veterans Administration—Connecticut
Health Care System in West Haven,
Connecticut. Dr Garcia-Tsao is a professor
of medicine in the Section of Digestive
Diseases at Yale University School of
Medicine and is the chief of the Section of
Digestive Diseases at the Veterans Adminis-
tration—-Connecticut Health Care System.

Address correspondence to:

Dr Guadalupe Garcia-Tsao

Section of Digestive Diseases

Yale University School of Medicine

One Gilbert Street, TAC, #5241-B

New Haven, CT 06510

Tel: 203-737-6063

Fax: 203-785-7273

E-mail: guadalupe.garcia-tsao@yale.edu

Keywords
Hyponatremia, hepatorenal syndrome, cirrhosis,

ascites

Abstract: Hyponatremia and hepatorenal syndrome are severe
complications in patients with cirrhosis and ascites resulting from
circulatory abnormalities (splanchnic and systemic vasodilata-
tion) that develop with portal hypertension. Both conditions are
associated with an increased risk of death. Hyponatremia and
renal failure may develop in patients with cirrhosis due to causes
other than portal hypertension. Making an accurate differential
diagnosis is important both therapeutically and prognostically. In
this article, we discuss the pathophysiology, diagnosis, differential
diagnosis, and management of hyponatremia and hepatorenal

syndrome in patients with cirrhosis.

yponatremia and hepatorenal syndrome (HRS) are severe

complications that occur in patients with cirrhosis and

ascites and are associated with lower survival than in
patients with decompensated cirrhosis (eg, those who have uncom-
plicated ascites, variceal hemorrhage, or encephalopathy).? There-
fore, the development of these 2 complications represents a stage of
further decompensation of cirrhosis.

Dilutional hyponatremia and HRS (a type of renal failure
unique to patients with cirrhosis) represent manifestations of a con-
tinuum of pathophysiologic events stemming from portal hyperten-
sion and the resultant vasodilatation, which are the main mecha-
nisms responsible for the development of ascites.® In a prospective
inception cohort study of patients with cirrhosis and new-onset
ascites who were followed for a mean of 41 months, hyponatremia
developed in 28% of the patients, 11% developed refractory asci-
tes, and 8% developed HRS, suggesting a sequential process (from
ascites to hyponatremia to refractory ascites to HRS).# Each of these
processes was associated with increasing severity of liver disease,
worsening vasodilatation evidenced by decreasing mean arterial
pressure (MAP), and more avid sodium retention.?

However, it is important to recognize that hyponatremia and
renal failure in the patient with cirrhosis may result from conditions
that occur in noncirrhotic patients and that result from pathophysi-
ologic mechanisms different from worsening portal hypertension/
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vasodilatation. Making an accurate differential diagnosis
is important both prognostically and therapeutically. We
therefore review the pathophysiology, diagnosis, differ-
ential diagnosis, and management of hyponatremia and
HRS in patients with cirrhosis.

Pathophysiology of Hyponatremia and
Hepatorenal Syndrome

Vasodilatation of both the splanchnic and systemic cir-
culations is one of the main factors contributing to the
development of hyponatremia and HRS in cirrhosis
(Figure 1). Vasodilatation occurs after portal hyperten-
sion has led to the formation of portosystemic collaterals
when factors that have not been well elucidated (vascular
endothelial growth factor being one of them) trigger the
production of nitric oxide and other vasodilators.”® This
vasodilatation leads to decreased effective arterial volume
and activation of various vasoconstrictor and antinatri-
uretic neurohumoral systems (the renin-angiotensin-
aldosterone system and sympathetic nervous system),
leading to renal sodium and water retention and an
increase in intravascular volume, which in turn leads to a
hyperdynamic circulatory state.

In advanced stages of cirrhosis, progressive vasodila-
tation leads not only to avid sodium retention (with for-
mation of ascites that is now refractory to diuretics) but
also to the nonosmotic release of antidiuretic hormone or
arginine vasopressin (AVP). The biological effects of AVP
in increasing water reabsorption are mediated through
G protein—coupled receptors, specifically vasopressin 2
(V2) receptors located on the basolateral membrane of
principal cells of the collecting ducts. When activated by
AVD, V2 receptors enable translocation of selective water
channels called aquaporins from the cytosol to the lumi-
nal plasma membrane of the collecting ducts, increasing
water permeability. This increase in water reabsorption
exceeds that of sodium retention and leads to dilutional
hyponatremia. V2 receptor antagonism has therefore
been a potential target for drugs used in the treatment of
this dilutional hyponatremia.

Progressive vasodilatation also leads to further
activation of vasoconstrictive systems (mainly renin and
angiotensin), resulting in renal vasoconstriction and
decreased renal blood flow. In addition, a relative decrease
in cardiac output in this high-output cardiac failure state
(or cirrhotic cardiomyopathy) may further contribute
to decreased renal blood flow.>”® This decrease in renal
blood flow leads to a decreased glomerular filtration rate
and a prerenal type of kidney injury (ie, HRS).

Hepatorenal physiology as described above may be
present in many patients with advanced cirrhosis who
may develop HRS without an obvious precipitating
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Figure 1. The pathophysiology of hyponatremia and hepa-
torenal syndrome (HRS) in cirrhosis. Cirrhosis and portal
hypertension lead to the development of splanchnic and sys-
temic vasodilatation that causes a decrease in effective circula-
tory volume, which in turn leads to the activation of various
vasoconstrictor and antinatriuretic neurohumoral systems
(renin-angiotensin-aldosterone system, sympathetic nervous
system, and nonosmotic release of antidiuretic hormone). This
initially leads to water and salt retention increasing intravascular
volume and allowing for the continuous formation of ascites.
However, with worsening cirrhosis (or with precipitant fac-
tors), splanchnic/systemic vasodilatation worsens, leading to a
significant increase in antidiuretic hormone release and water
retention (in excess of sodium retention) and, thereby, to dilu-
tional hyponatremia. Maximal vasodilatation and activation of
vasoconstrictive systems (renin-angiotensin) lead to renal vaso-
constriction and the development of HRS.

AVP, arginine vasopressin.

event. However, more often than not, HRS is precipi-
tated by factors that cause either a decrease in effective
arterial blood volume, such as rapid fluid loss (eg, exces-
sive diuresis and gastrointestinal bleeding), or worsening
vasodilatation induced by drugs (eg, nitrates, carvedilol,
and angiotensin-converting enzyme inhibitors) or by a
systemic inflammatory response (eg, infection).

Hyponatremia in Cirrhosis

Hyponatremia in cirrhosis has been arbitrarily defined as
a serum sodium level of less than 130 mEq/L and is pres-
ent in approximately one-fifth of patients with decom-
pensated cirrhosis.” It is important to note that, although
not meeting this definition, a serum sodium level of less
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than 135 mEq/L in patients listed for liver transplanta-
tion has been associated with increased mortality, inde-
pendent of Model for End-Stage Liver Disease (MELD)
score.! In fact, the incorporation of serum sodium level
into MELD (referred to as MELD-Na) has been shown
to predict survival more accurately than MELD alone!?
and will likely be used soon instead of MELD for organ
allocation in the United States.

Differential Diagnosis of Hyponatremia in Cirrhosis
Hyponatremia in cirthosis may be (1) hypervolemic or
dilutional as a result of water retention (in excess of sodium
retention) due to AVP activation secondary to vasodilata-
tion and decreased effective circulatory volume or (2)
hypovolemic as a result of sodium and fluid losses (mainly
overdiuresis). It is important to distinguish between hyper-
volemic and hypovolemic hyponatremia in order to provide
appropriate management. As hypervolemic hyponatremia
results from increased sodium and water retention, patients
often have dependent edema and tense refractory ascites.
The clinical hallmark of systemic vasodilatation is low
MAP; patients with dilutional hyponatremia are therefore
usually hypotensive and may have creatinine levels above
baseline. On the other hand, in hypovolemic hyponatre-
mia, patients are often dehydrated. They appear dry, with
no ascites or edema.

Clinical Significance of Hyponatremia in Cirrbosis
Hyponatremia is associated with a significantly higher risk
of death with cirrhosis. Kim and colleagues demonstrated
serum sodium to be an important predictor of mortality,
independent of MELD score among adult patients listed
for liver transplantation.'

In patients with cirrhosis, hyponatremia has been
noted to be an independent predictive factor for the
development of hepatic encephalopathy.'"'* An increase
in ammonia and other neurotoxins along with a decrease
in serum sodium are thought to act synergistically to
cause a shift in the osmotic milieu of the brain, which
results in cerebral edema and hepatic encephalopathy.’®
Gradual development of hyponatremia has been noted
to be associated with myo-inositol and organic osmolytes
in the brain as measured by magnetic resonance spectros-
copy, probably as a compensatory mechanism to maintain
cerebral fluid homeostasis."!

The presence of dilutional hyponatremia is associated
with severe ascites, spontaneous bacterial peritonitis, and
HRS.? As would be expected, patients with hyponatremia
and ascites are also at high risk of having or developing HRS."

Dilutional hyponatremia is associated with impaired
health-related quality of life (HRQOL). In patients with
cirrhosis and ascites, hyponatremia was found to be an
independent predictor of decreased physical as well as

mental component scores of the SF-36 questionnaire
that assesses HRQOL." A recent study of the effect of
hyponatremia and hepatic encephalopathy on HRQOL
demonstrated that patients with cirrhosis and hyponatre-
mia but without hepatic encephalopathy have a poorer
HRQOL as measured by the Sickness Impact Profile,
despite better cognition, compared with those with con-

comitant encephalopathy.'®

Furthermore, in a prospective
study, correction of hyponatremia was associated with
improvement in cognitive function and HRQOL."”
Pretransplant hyponatremia is an independent
predictor of short-term mortality after liver transplanta-
tion.'®" Rapid correction of hyponatremia in the postop-
erative period can result in central pontine demyelinoly-

SiS,Z()'ZI

a lethal neurologic complication that can result in
irreversible manifestations such as dysarthria, dysphagia,
paraparesis, behavioral disturbances, and locked-in syn-
drome. Apart from neurologic complications, pretrans-
plant hyponatremia has been associated with an increased
risk of renal failure and bacterial infections in the first

month posttransplantation.'®

Management

Recognition of the type of hyponatremia (hypervolemic
vs hypovolemic) is key in tailoring management. The
easier type to treat is hypovolemic hypernatremia because
removal of the precipitating factor (mainly diuretics)
and administration of intravenous isotonic solutions to
expand plasma volume often correct the abnormality.

On the other hand, treatment of hypervolemic
hyponatremia is difficult and directed at decreasing excess
free water in the circulation. Water restriction to 1 to
1.5 L/d is the current standard treatment for hypervolemic
hyponatremia. However, patient compliance is very poor,
and the resultant effect on serum sodium levels is modest.
Potential therapeutic targets for the management of hyper-
volemic hyponatremia in cirrhosis are shown in Figure
2. These include increasing renal excretion of solute-free
water, increasing the effective arterial blood volume, and
ameliorating systemic and splanchnic vasodilatation.

Vaptans, or V2 receptor antagonists, are a class of
drugs that increase renal excretion of solute-free water
by blocking water reabsorption, leading to voluminous
hypotonic urine output. A recent meta-analysis of ran-
domized, controlled trials of vaptans (satavaptan, tolvap-
tan [Samsca, Otsuka], and lixivaptan) for hyponatremia
in patients with cirrhosis, in which the primary outcome
was death, showed a small transient beneficial effect on
hyponatremia but no effect on mortality or renal failure.??
The meta-analysis concluded that the data did not sup-
port the routine use of vaptans in cirrhosis. Tolvaptan is
the only orally administered vaptan that is approved by
the US Food and Drug Administration. Because signifi-
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Figure 2. Potential therapeutic targets for the management of
hyponatremia based on its pathophysiology.
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cant elevations in liver enzymes have been observed with
tolvaptan use in patients with autosomal dominant poly-
cystic kidney disease, a black box warning was recently
issued that precludes the use of this agent in patients with
severe liver disease.”

Interventions to correct the decreased effective arte-
rial blood volume in patients with hyponatremia include
withdrawal of diuretics and use of intravenous albumin.
Infusion of albumin in a very small number of patients
was found to be useful in short-term, nonrandomized
studies. However, the long-term benefit of albumin use
remains unknown.?

Finally, the use of vasoconstrictors would be rational
and, although they have not been tested specifically for
hyponatremia, proof-of-concept and randomized, con-
trolled trials of vasoconstrictors for HRS have shown that
they are associated with increases in serum sodium levels.”

Hepatorenal Syndrome

Serum creatinine is an independent predictor of mortal-
ity in decompensated cirrhosis, such that it is a compo-
nent of the MELD score, which is a robust predictor of
4-month mortality risk and, hence, is currently used for
determining priority for orthotopic liver transplanta-
tion.?® Renal dysfunction in cirrhosis is the organ failure
with the highest prognostic impact in patients with
acute-on-chronic liver failure.”-*

HRS is a type of prerenal kidney injury unique to
patients with decompensated cirrhosis. As mentioned
previously, HRS is functional renal failure resulting from
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renal vasoconstriction, which in turn is a result of extreme
vasodilation in the splanchnic and systemic vascular beds.
HRS is a state of effective hypovolemia associated with
low MAD, relatively decreased cardiac output, and reduced
systemic vascular resistance. There are 2 types of HRS:
HRS-1 and HRS-2. HRS-1 is characterized by an abrupt
deterioration in renal function (a form of acute kidney
injury [AKI]), often precipitated by a bacterial infection
such as spontaneous bacterial peritonitis. HRS-2 is a more
chronic form of renal dysfunction (akin to chronic kidney
disease [CKD]) that is often associated with refractory
ascites. Patients with ascites have a 40% probability of
developing HRS within 5 years."* Median survival associ-
ated with HRS-1 is shorter than with HRS-2 (1 month
vs 6.7 months).”

Definition of Hepatorenal Syndrome

Per the International Club of Ascites consensus confer-
ence in 2007,%° HRS is defined by a serum creatinine level
of greater than 1.5 mg/dL (>133 pmol/L) and is estab-
lished when there is no improvement in serum creatinine
after 2 days of cessation of diuretics and adequate volume
expansion with albumin in the presence of ascites and in
the absence of shock, recent treatment with nephrotoxic
drugs, or other parenchymal kidney diseases. Although
this definition may apply to patients with HRS-2, AKI in
cirthosis has been redefined very recently, and that defini-
tion is expanded below.?!

Hepatorenal Syndrome—1 (Acute Kidney Injury)

HRS-1 was defined by the International Club of Ascites
as the doubling of initial serum creatinine concentration
to a level greater than 2.5 mg/dL (>221 pmol/L) in less
than 2 weeks. This criterion has been recently revised as a
result of a consensus conference among members of the
International Club of Ascites in 2012, taking into consid-
eration that (1) the use of a creatinine cutoff of 1.5 mg/dL
in patients with decompensated cirrhosis who are likely
to have a low muscle mass and/or in a female patient
with cirrhosis could already reflect markedly impaired
kidney function and that (2) a time frame was necessary
to distinguish between acute and chronic kidney injury.?’
Based on new definitions of AKI per nephrologic criteria
from AKIN (Acute Kidney Injury Network),** RIFLE
(Risk, Injury, Failure, Loss of Kidney Function, and End-
Stage Kidney Disease),® and KDIGO (Kidney Disease:
Improving Global Outcomes),* AKI in cirrhosis is now
defined as follows: (1) an absolute increase in serum cre-
atinine of at least 0.3 mg/dL (226.5 pmol/L) within 48
hours or (2) a percentage increase in serum creatinine of
at least 50% from baseline that is known, or presumed,
to have occurred within the prior 7 days. (If the baseline
measurement is unavailable, a serum creatinine measure-

Gastroenterology & Hepatology Volume 11, Issue 4 April 2015 223



MOHANTY AND GARCIA-TSAO

ment within the 3 months prior to admission can be
considered as baseline.?")

Previous studies in patients with cirrhosis in whom
AKI was defined per similar AKIN criteria (an increase in
serum creatinine of 20.3 mg/dL or 250% from baseline in
<48 hours) showed that AKI in outpatients with cirrho-
sis® and hospitalized patients with cirrhosis® is associated
with a high mortality rate even when serum creatinine
levels are below the threshold of 1.5 mg/dL. Although the
more advanced the stage of AKI, the higher the mortality
rate, progression of kidney injury to higher AKIN stages
is the strongest independent predictor of mortality in hos-
pitalized patients with cirrhosis.?” Therefore, establishing
diagnosis of HRS at an earlier stage with more sensitive
criteria will facilitate early diagnosis and intervention and
potentially prevent progression to advanced stages.

Hepatorenal Syndrome—2 (Chronic Kidney Disease)
HRS-2 has not been as well characterized as HRS-1. HRS-2
is a functional type of CKD in which creatinine levels rise
gradually. As such, it should probably be defined using the
same criteria used in nephrology—that is, by a decrease in
glomerular filtration rate (to <60 mL/min) for a duration of
more than 3 months. It should be noted, however, that cre-
atinine-based equations (eg, Modification of Diet in Renal
Disease [MDRD]) petform pootly in patients with cirrhosis,
particularly in those with decompensated cirrhosis.***° Cys-
tatin C-based equations perform better,”** but, when not
available, the MDRD-6 equation should be used.”

As nonalcoholic steatohepatitis is becoming a promi-
nent cause of end-stage liver disease in patients with diabe-
tes/metabolic syndrome, an increasing number of patients
with cirrhosis will have structural CKD (eg, diabetic or
hypertensive nephropathy), and they may then develop
superimposed functional renal failure due to HRS physiol-
ogy (acute-on-chronic kidney injury). These patients may
not have the recognized characteristics of patients with pure
HRS, as they may have high MAD, and the use of vasocon-
strictors in this setting would require investigation.

Data on HRS-2 and on acute-on-chronic CKD in
cirrhosis are scarce; therefore, the remainder of this article
refers to HRS-1.

Differential Diagnosis of Hepatorenal Syndrome
HRS-1 is not the only type of AKI that can complicate
the condition of patients with cirrhosis. Making an accu-
rate differential diagnosis is key in determining the most
appropriate management.

AKI occurs in approximately 20% of hospitalized
patients with cirrhosis.”> Approximately two-thirds of the
cases are prerenal (ie, functional), of which the majority
correspond to prerenal azotemia, while HRS constitutes
only a small percentage of cases (<20% of total causes of

AKI); one-third of the cases are intrarenal (ie, structural),
most commonly acute tubular necrosis; and less than 1%
are postrenal (obstructive). The main differential of AKI
in cirrhosis consists of prerenal azotemia, acute tubular
necrosis, and HRS. Prerenal azotemia is caused by hypo-
volemia (eg, aggressive diuresis, diarrhea, and/or gastroin-
testinal bleeding) or by other causes of decreased effective
blood volume induced by infections or vasodilators. Pre-
renal azotemia responds to volume expansion, but vaso-
constrictors and dialysis are not required. Acute tubular
necrosis mostly occurs in patients presenting with shock
or a history of exposure to nephrotoxins/contrast agents.
Acute tubular necrosis is treated with renal replacement
therapy if indicated, but volume should not be expanded.
HRS is caused by extreme vasodilatation (with or without
a precipitant) with consequent renal vasoconstriction and
is treated with vasoconstrictors and volume expansion.

Diagnosis of Hepatorenal Syndrome HRS remains a
diagnosis of exclusion. Therefore, the first step in its diag-
nosis is to exclude the presence of structural kidney injury
(acute tubular necrosis, glomerulonephritis, and acute
interstitial nephritis) or obstructive kidney injury (obstruc-
tive uropathy) and to distinguish between prerenal azote-
mia and HRS (the 2 functional types of AKI in cirrhosis).
This requires taking a careful clinical history to deter-
mine whether there is evidence of infection, overdiuresis,
gastrointestinal hemorrhage, recent use of vasodilators or
nephrotoxins (including nonsteroidal anti-inflammatory
drugs), and/or large-volume paracentesis without the use
of albumin. Evidence of systemic inflammatory response
syndrome and evaluation of volume status during physi-
cal examination are important. The presence of traditional
urine biomarkers (urine sediment, fractional excretion of
sodium [FeNa], and urine albumin) should be assessed
as well as a renal ultrasound to exclude postobstructive
uropathy. Workup of infection is important in the pres-
ence of AKI in cirrhosis, independent of the cause of AKI.
Recent studies demonstrate the potential utility of
urinary biomarkers in differentiating acute tubular necro-
sis from prerenal azotemia and HRS. Urinary neutrophil
gelatinase—associated lipocalin, interleukin-18, liver-type
fatty acid-binding protein, and urine albumin levels
are highest in patients with acute tubular necrosis, low-
est in patients with prerenal azotemia, and intermediate
in those with HRS.#* The larger the number of urine
biomarkers that are above a predetermined threshold, the
higher the likelihood of acute tubular necrosis.*® Except
for urine albumin, these biomarkers are not widely avail-
able in the United States. The cutoff for urine albumin
that indicates the presence of acute tubular necrosis is 44
mg/dL or greater. FeNa at the usual cutoff of 1% is of
no value in the differential diagnosis of AKI in cirrhosis
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Figure 3. An approach to the hospitalized patient with cirrhosis and acute kidney injury (AKI).

AIN, acute interstitial nephritis; ATN, acute tubular necrosis; CKD, chronic kidney disease; FeNa, fractional excretion of sodium; GN, glomerulonephritis; HRS,

hepatorenal syndrome; LVP, large-volume paracentesis; MAP, mean arterial pressure; PRA, plasma renin activity.

because practically all patients with cirrhosis and ascites
have a FeNa of less than 1%. Interestingly, in a recent
study, FeNa levels below 0.5% (particularly those <0.3%)
were useful in identifying a prerenal cause of AKI, with
levels at or below 0.1% identifying those with HRS.#

If there is evidence of structural injury—that is, if a
patient presents with shock (septic or hemodynamic), has
a history of exposure to nephrotoxins (including nonste-
roidal anti-inflammatory drugs) or contrast dye, has casts
present in urine, or has elevated urinary biomarkers (albu-
minuria >44 mg/dL in the absence of CKD) and a FeNA
greater than 0.5%—or if there is evidence of obstructive
uropathy on ultrasound, the patient should generally
not be treated with volume expansion and should have
confirmatory tests performed (including kidney biopsy if
necessary) to establish the diagnosis and specific therapy.
At times, the differential between acute tubular necrosis
and HRS becomes difficult because, in advanced HRS,
renal vasoconstriction may lead to tubular damage.

Although the same precipitants of prerenal azotemia
(particularly those that worsen vasodilatation, such as

infections) may also precipitate HRS, in prerenal azotemia
treatment of the precipitant and volume expansion should
lead to resolution of AKI. When the patient is clearly
volume-depleted, volume expansion can be provided by
intravenous saline solution (eg, for overdiuresis) or blood
(eg, for gastrointestinal hemorrhage). If the patient does not
appear volume-depleted and/or has evidence of systemic
inflammartory response syndrome, the best volume expander
is intravenous albumin at a recommended empiric dose of
1 g/kg of body weight per day (which could be divided into
2 doses), with a maximum dose of 100 g/d. Once volume
expansion and antibiotics have been initiated (in those with
suspected or confirmed infection), the course of AKI should
be reevaluated in 24 to 48 hours. If the serum creatinine level
has improved significantly or returned to baseline, therapy
should continue, as this is likely to be prerenal azotemia. If
the creatinine level has decreased only slightly, patient man-
agement should be individualized and may include repeat-
ing the AKI workup. If the creatinine level is unchanged
or has worsened, the patient likely has HRS, and specific
therapy can be initiated. It is important to note that at least
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2 days of observation would have elapsed from the time of
AKI diagnosis to the initiation of treatment for HRS.

It is also important to remark that patients with HRS
have advanced liver disease (median Child-Pugh score, 11.2),
low MAP (median MAP, 74 mmHg), low serum sodium
(median serum sodium, 127 mEq/L), and ascites, commonly
refractory to diuretics.”” Additionally, and as mentioned
previously, a FeNA of 0.1% or less is strongly suggestive of
HRS.# Figure 3 delineates an approach to establish the most
probable cause of AKI in a patient with cirrhosis.

Treatment of Hepatorenal Syndrome—1

Liver transplantation is the definitive treatment for HRS
because it is the only therapeutic option associated with
improved survival.“** However, attaining reversal of HRS
is important prior to transplantation, as pretransplant
renal function is an independent predictor of short-term
as well as long-term mortality and graft survival posttrans-
plantation.”’ Patients with HRS treated with vasopressin
have been noted to have posttransplant outcomes similar
to those in patients without HRS undergoing transplan-
tation. The American Association for the Study of Liver
Diseases recommends that all patients with HRS have an

expedited referral for liver transplantation. %

Vasoconstrictors and Albumin Splanchnic and systemic
vasodilatation and resultant renal vasoconstriction are the
main mechanisms for development of HRS. Use of vaso-
constrictors in HRS is aimed at ameliorating splanchnic
and/or systemic vasodilatation, improving effective blood
volume, and decreasing activation of renal vasoconstrictors,
thus improving renal perfusion. Vasoconstrictors are used
in conjunction with albumin in therapy for HRS. Albu-
min acts as a plasma expander and, by binding vasodilator
substances such as nitric oxide and by improving cirrhotic
cardiomyopathy, may provide a beneficial effect that goes
beyond volume expansion.”®' Therefore, concomitant to
vasopressor use, daily albumin infusions are recommended
(1 g/kg on day 1, followed by 25-50 g/d).*** Albumin
should be discontinued if there is evidence of volume over-
load or if albumin concentration is greater than 3.5 g/dL.
Vasoconstrictors that have been used in patients with
HRS include tetlipressin, norepinephrine, octreotide
plus midodrine, and vasopressin. In proof-of-concept
studies, the use of these agents for more than 3 days has
been associated with improvement in MAD, glomerular
filtration rate, and serum sodium levels, with a decrease
in plasma renin activity.”>® A systematic review assessing
the effect of vasoconstrictor drugs in HRS on mortality
demonstrated a lower risk of death with vasoconstrictor
use as compared with using placebo or albumin (odds
ratio, 0.82; 95% CI, 0.70-0.96).%° Vasoconstrictors are
often started at the lowest effective dose titrated to achieve
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Figure 4. Management of hepatorenal syndrome based on
reversing the main pathophysiologic mechanisms.

GFR, glomerular filtration rate; IV, intravenous.

a 10 to 15 mmHg increase in MAP. This is supported by
a pooled analysis of 21 studies evaluating vasoconstrictor
use in HRS that showed a strong association of increase
in MAP with improvement in renal function.*® Figure 4
outlines the management of HRS.

Terlipressin is a longer-acting vasopressin analogue
with fewer side effects than vasopressin and is the vaso-
constrictor for which there are more data regarding HRS.
Randomized, controlled trials comparing terlipressin and
albumin to placebo showed a higher rate of HRS reversal
(defined in these studies as a decrease in serum creatinine
level to <1.5 mg/dL) in the terlipressin group as compared
with the control group (46% vs 11%; odds ratio, 3.76;
95% CI, 2.21-6.39).>¢"%% In patients who respond to
terlipressin with reversal of HRS, survival is greater than in
control subjects.** Notably, reversal of HRS occurs in less
than half of the treated patients with mortality that exceeds
50%.% Patients who respond to vasoconstrictors have
significantly greater survival, and an important predictor
of response is baseline creatinine level (with lower levels
predicting a better response)®; therefore, therapy should be
started soon after a diagnosis of HRS is established.

Terlipressin is administered at a dose of 1 mg every 4
hours.® If, after 3 days of therapy, creatinine levels have
not decreased by 25%, then the terlipressin dose may be
increased to 2 mg every 4 hours. If resolution of HRS
is not observed after 10 days of therapy, use of terlipres-
sin should be discontinued.**® This treatment schedule
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should probably be reevaluated and correlated to changes
in MAP; that is, therapy should probably be discontinued
sooner in patients who do not achieve a 10 to 15 mmHg
increase in MAP after reaching maximal doses of vasocon-
strictors. Because it is a potent vasoconstrictor, terlipres-
sin has been associated with significant adverse events,
including cardiac and intestinal ischemia, hypertension,
and arrhythmias in up to 40% of patients.

Terlipressin is not yet available in the United States.
However, there are alternatives. Two small randomized
studies comparing tetlipressin vs norepinephrine spe-
cifically in patients with HRS-1 have shown comparable
6667 Norepinephrine
is administered in a continuous infusion, typically in an

effectiveness and side-effect profiles.

intensive care setting. Norepinephrine is given in doses of
0.5 to 3 mg/h, and doses are titrated to achieve an increase
in MAP of 10 mmHg or an increase in 4-hour urine out-
put to more than 200 mL. The dose is increased every 4
hours to a maximum of 3 mg/h.>*¢

Another alternative is the combination of octreotide
and midodrine, which has the advantage of oral/subcutane-
ous administration, which can be given in non-intensive
care settings, and has a good safety profile.”® Octreotide is a
long-acting somatostatin analogue that causes inhibition of
the release of vasodilator hormones, resulting in decreased
splanchnic vasodilation. Midodrine is an o;-adrenergic ago-
nist that causes systemic vasoconstriction, improving effec-
tive circulatory volume and, hence, renal perfusion. The
use of midodrine alone or octreotide alone is not associated
with improvement in renal function in HRS.*** However,
the combined use of midodrine and octreotide along
with albumin has been shown to improve renal function,
although randomized, controlled trials are lacking. Despite
the lack of strong evidence, the combination of octreotide,
midodrine, and albumin has been adopted as first-line
therapy in countries where tetlipressin is not available, such
as the United States. Octreotide is administered in doses of
100 pg, subcutaneously, 3 times a day and can be increased
to 200 pg 3 times a day. Midodrine is given in doses of 7.5
mg 3 times a day and can be increased up to 12.5 mg 3
times a day. Because this is a weak vasoconstrictor combina-
tion, if an improvement in MAP or creatinine level is not
noted within 3 days after initiating midodrine and octreo-
tide (during which the dose should be escalated rapidly),
then the patient should be transferred to the intensive care
unit for administration of norepinephrine or vasopressin
infusion. Terlipressin is a vasopressin analogue, so vasopres-
sin should be as effective as terlipressin. One retrospective
study compared the use of vasopressin and octreotide for
management of HRS and demonstrated higher recovery
rates with the use of vasopressin.”® Vasopressin is used as a
continuous infusion, starting at a low dose of 0.01 U/min
and titrating up to a maximum of 0.45 U/min with close
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monitoring of MAP, urine output, and ischemic side effects.
All patients receiving vasoconstrictor therapies should be
monitored for ischemic and cardiovascular complications.
Vasoconstrictor therapies are not recommended in patients
with preexisting ischemic heart disease, cerebrovascular
disease, peripheral arterial disease, hypertension, or asthma.

Other Therapies Transjugular intrahepatic portosystemic
shunt (TIPS) and extracorporeal albumin dialysis have been
evaluated in small studies as alternative therapies for HRS.
Three uncontrolled studies have demonstrated decreased
serum creatinine levels with TIPS in selected patients
with HRS, although these studies combined patients
with HRS-1 and HRS-2.7*7 Sequential treatment with
vasoconstrictors and albumin followed by TIPS showed
sustained long-term improvement in renal function after
TIPS in patients who had responded to vasoconstrictor
therapy.”! Extracorporeal albumin dialysis is an investiga-
tional therapy directed at removing circulating factors that
can cause vasodilatation. In one small, randomized, con-
trolled trial, extracorporeal albumin dialysis was shown to
reduce 30-day mortality in patients with HRS as compared
with venovenous hemofiltration alone.” Given the limited
data, TIPS and extracorporeal albumin dialysis are not
recommended for HRS at this time.

Summary

Hyponatremia and HRS are severe and ominous compli-
cations in patients with decompensated cirrhosis. Early
recognition and the initiation of appropriate therapy are
keys to ensure reversal or even slowing of the process.
Because patients with HRS are often very sick and require
treatment in an intensive care unit, coordinated multi-
disciplinary care with hepatologists, the transplant team,
nephrologists, and critical care specialists is necessary to
successfully bridge these patients to liver transplantation.

The authors have no relevant conflicts of interest to disclose.
This article was supported by National Institutes of Health
grant number NIH P-30DK 034989.

References

1. Kim WR, Biggins SW, Kremers WK, et al. Hyponatremia and mortality among
patients on the liver-transplant waiting list. IV Engl ] Med. 2008;359(10):1018-1026.

2. D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic
indicators of survival in cirrhosis: a systematic review of 118 studies. / Hepatol.
2006;44(1):217-231.

3. Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, Rodés J. Periph-
eral arterial vasodilation hypothesis: a proposal for the initiation of renal sodium
and water retention in cirrhosis. Hepatology. 1988;8(5):1151-1157.

4. Planas R, Montoliu S, Ballesté B, et al. Natural history of patients hospitalized for
management of cirrhotic ascites. Clin Gastroenterol Hepatol. 2006;4(11):1385-1394.
5. Iwakiri Y, Groszmann R]. The hyperdynamic circulation of chronic liver diseases:
from the patient to the molecule. Hepatology. 2006;43(2 suppl 1):5121-S131.

Gastroenterology & Hepatology Volume 11, Issue 4 April 2015 227



MOHANTY AND GARCIA-TSAO

6. Abraldes JG, Iwakiri Y, Loureiro-Silva M, Haq O, Sessa WC, Groszmann R]. Mild
increases in portal pressure upregulate vascular endothelial growth factor and endo-
thelial nitric oxide synthase in the intestinal microcirculatory bed, leading to a hyper-
dynamic state. Am ] Physiol Gastrointest Liver Physiol. 2006;290(5):G980-G987.

7. Cohn JN. Renal hemodynamic alterations in liver disease. Perspect Nephrol
Hypertens. 1976;3:234-255.

8. Ruiz-del-Arbol L, Monescillo A, Arocena C, et al. Circulatory function and
hepatorenal syndrome in cirrhosis. Hepatology. 2005;42(2):439-447.

9. Angeli B, Wong E Watson H, Gin¢s P; CAPPS Investigators. Hyponatremia in
cirrhosis: results of a patient population survey. Hepatology. 2006;44(6):1535-1542.
10. Biggins SW, Kim WR, Terrault NA, et al. Evidence-based incorporation of serum
sodium concentration into MELD. Gastroenterology. 2006;130(6):1652-1660.

11. Guevara M, Baccaro ME, Torre A, et al. Hyponatremia is a risk factor of
hepatic encephalopathy in patients with cirrhosis: a prospective study with time-
dependent analysis. Am J Gastroenterol. 2009;104(6):1382-1389.

12. Guevara M, Baccaro ME, Rios J, et al. Risk factors for hepatic encephalopathy
in patients with cirrhosis and refractory ascites: relevance of serum sodium concen-
tration. Liver Int. 2010;30(8):1137-1142.

13. Gines P, Guevara M. Hyponatremia in cirrhosis: pathogenesis, clinical signifi-
cance, and management. Hepatology. 2008;48(3):1002-1010.

14. Gines A, Escorsell A, Gines D, et al. Incidence, predictive factors, and prog-
nosis of the hepatorenal syndrome in cirrhosis with ascites. Gastroenterology.
1993;105(1):229-236.

15. Sola E, Watson H, Graupera I, et al. Factors related to quality of life in patients
with cirrhosis and ascites: relevance of serum sodium concentration and leg edema.
J Hepatol. 2012;57(6):1199-1206.

16. Ahluwalia V, Wade JB, Thacker L, et al. Differential impact of hyponatremia
and hepatic encephalopathy on health-related quality of life and brain metabolite
abnormalities in cirrhosis. / Hepatol. 2013;59(3):467-473.

17. Ahluwalia V, Heuman DM, Feldman G, et al. Correction of hyponatraemia
improves cognition, quality of life, and brain oedema in cirrhosis. / Hepatol.
2015;62(1):75-82.

18. Londofio MC, Guevara M, Rimola A, et al. Hyponatremia impairs early post-
transplantation outcome in patients with cirrhosis undergoing liver transplanta-
tion. Gastroenterology. 2006;130(4):1135-1143.

19. Hackworth WA, Heuman DM, Sanyal AJ, et al. Effect of hyponatraemia on out-
comes following orthotopic liver transplantation. Liver Int. 2009;29(7):1071-1077.
20. Wszolek ZK, McComb RD, Pfeiffer RE et al. Pontine and extrapontine
myelinolysis following liver transplantation. Relationship to serum sodium. Zrans-
plantation. 1989;48(6):1006-1012.

21. Yun BC, Kim WR, Benson JT, et al. Impact of pretransplant hyponatremia
on outcome following liver transplantation. Hepatology. 2009;49(5):1610-1615.
22. Dahl E, Gluud LL, Kimer N, Krag A. Meta-analysis: the safety and efficacy of
vaptans (tolvaptan, satavaptan and lixivaptan) in cirrhosis with ascites or hypona-
traemia. Aliment Pharmacol Ther. 2012;36(7):619-626.

23. Torres VE, Chapman AB, Devuyst O, et al; TEMPO 3:4 Trial Investigators.
Tolvaptan in patients with autosomal dominant polycystic kidney disease. IV Engl
] Med. 2012;367(25):2407-2418.

24. McCormick PA, Mistry P, Kaye G, Burroughs AK, McIntyre N. Intravenous
albumin infusion is an effective therapy for hyponatraemia in cirrhotic patients
with ascites. Gut. 1990;31(2):204-207.

25. Garcia-Tsao G, Parikh CR, Viola A. Acute kidney injury in cirrhosis. Hepatol-
0gy. 2008;48(6):2064-2077.

26. Wiesner R, Edwards E, Freeman R, et al; United Network for Organ Shar-
ing Liver Disease Severity Score Committee. Model for end-stage liver discase
(MELD) and allocation of donor livers. Gastroenterology. 2003;124(1):91-96.

27. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver failure is a distinct
syndrome that develops in patients with acute decompensation of cirrhosis. Gas-
troenterology. 2013;144(7):1426-1437, 1437.e1-9.

28. Bajaj ]S, O’Leary JG, Reddy KR, et al; North American Consortium For The
Study Of End-Stage Liver Disease Nacseld. Survival in infection-related acute-
on-chronic liver failure is defined by extrahepatic organ failures. Hepatology.
2014;60(1):250-256.

29. Alessandria C, Ozdogan O, Guevara M, et al. MELD score and clinical type
predict prognosis in hepatorenal syndrome: relevance to liver transplantation.
Hepatology. 2005;41(6):1282-1289.

30. Salerno E, Gerbes A, Gines P, Wong E Arroyo V. Diagnosis, prevention and
treatment of hepatorenal syndrome in cirrhosis. Gut. 2007;56(9):1310-1318.

31. Angeli P, Ginés P, Wong E et al. Diagnosis and management of acute kidney
injury in patients with cirrhosis: revised consensus recommendations of the Inter-

national Club of Ascites. / Hepatol. 2015;62(4):968-974.

32. Mehta RL, Kellum JA, Shah SV, et al; Acute Kidney Injury Network. Acute
Kidney Injury Network: report of an initiative to improve outcomes in acute kid-
ney injury. Crit Care. 2007;11(2):R31.

33. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P; Acute Dialysis
Quality Initiative workgroup. Acute renal failure—definition, outcome measures,
animal models, fluid therapy and information technology needs: the Second Inter-
national Consensus Conference of the Acute Dialysis Quality Initiative (ADQI)
Group. Crit Care. 2004;8(4):R204-R212.

34. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury
Work Group. KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney
Inter Suppl. 2012;2(1):1-138.

35. Tsien CD, Rabie R, Wong F. Acute kidney injury in decompensated cirrhosis.
Gut. 2013;62(1):131-137.

36. Wong F, O’Leary JG, Reddy KR, et al; North American Consortium for Study
of End-Stage Liver Disease. New consensus definition of acute kidney injury accu-
rately predicts 30-day mortality in patients with cirrhosis and infection. Gastroen-
terology. 2013;145(6):1280-1288.el.

37. Belcher JM, Garcia-Tsao G, Sanyal AJ, et al; TRIBE-AKI Consortium. Asso-
ciation of AKI with mortality and complications in hospitalized patients with
cirrhosis. Hepatology. 2013;57(2):753-762.

38. Mindikoglu AL, Dowling TC, Weir MR, Seliger SL, Christenson RH, Magder
LS. Performance of chronic kidney disease epidemiology collaboration creatinine-
cystatin C equation for estimating kidney function in cirrhosis. Hepatology.
2014;59(4):1532-1542.

39. Francoz C, Nadim MK, Baron A, et al. Glomerular filtration rate equations
for liver-kidney transplantation in patients with cirrhosis: validation of current
recommendations. Hepatology. 2014;59(4):1514-1521.

40. De Souza V, Hadj-Aissa A, Dolomanova O, et al. Creatinine- versus cystatine
C-based equations in assessing the renal function of candidates for liver transplan-
tation with cirrhosis. Hepatology. 2014;59(4):1522-1531.

41. Verna EC, Brown RS, Farrand E, et al. Urinary neutrophil gelatinase-associated
lipocalin predicts mortality and identifies acute kidney injury in cirrhosis. Dig Dis
Sei. 2012;57(9):2362-2370.

42. Fagundes C, Pépin MN, Guevara M, et al. Urinary neutrophil gelatinase-
associated lipocalin as biomarker in the differential diagnosis of impairment of
kidney function in cirrhosis. J Hepatol. 2012;57(2):267-273.

43. Belcher JM, Sanyal AJ, Peixoto AJ, et al. Kidney biomarkers and differen-
tial diagnosis of patients with cirrhosis and acute kidney injury. Hepatology.
2014;60(2):622-632.

44. Nair S, Verma S, Thuluvath PJ. Pretransplant renal function predicts survival in
patients undergoing orthotopic liver transplantation. Hepatology. 2002;35(5):1179-1185.
45. Rimola A, Gavaler JS, Schade RR, el-Lankany S, Starzl TE, Van Thiel
DH. Effects of renal impairment on liver transplantation. Gastroenterology.
1987;93(1):148-156.

46. Gonwa TA, Klintmalm GB, Levy M, Jennings LS, Goldstein RM, Husberg
BS. Impact of pretransplant renal function on survival after liver transplantation.
Transplantation. 1995;59(3):361-365.

47. Weismiiller TJ, Prokein J, Becker T, et al. Prediction of survival after liver trans-
plantation by pre-transplant parameters. Scand | Gastroenterol. 2008;43(6):736-746.
48. Martin P, DiMartini A, Feng S, Brown R Jr, Fallon M. Evaluation for liver
transplantation in adults: 2013 practice guideline by the American Association for
the Study of Liver Discases and the American Society of Transplantation. Hepatol-
0gy. 2014;59(3):1144-1165.

49. Runyon BA; AASLD Practice Guidelines Committee. Management of adult
patients with ascites due to cirrhosis: an update. Hepatology. 2009;49(6):2087-2107.
50. Garcia-Martinez R, Caraceni P, Bernardi M, Gines B, Arroyo V, Jalan R.
Albumin: pathophysiologic basis of its role in the treatment of cirrhosis and its
complications. Hepatology. 2013;58(5):1836-1846.

51. Bortoluzzi A, Ceolotto G, Gola E, et al. Positive cardiac inotropic effect of
albumin infusion in rodents with cirrhosis and ascites: molecular mechanisms.
Hepatology. 2013;57(1):266-276.

52. Gin¢s D Schrier RW. Renal failure in cirthosis. N Engl ] Med.
2009;361(13):1279-1290.

53. Angeli P, Volpin R, Gerunda G, et al. Reversal of type 1 hepatorenal syndrome with
the administration of midodrine and octreotide. Hepatology. 1999;29(6):1690-1697.
54. Giilberg V, Bilzer M, Gerbes AL. Long-term therapy and retreatment of
hepatorenal syndrome type 1 with ornipressin and dopamine. Hepatology.
1999;30(4):870-875.

55. Mulkay JP, Louis H, Donckier V, et al. Long-term terlipressin administration
improves renal function in cirrhotic patients with type 1 hepatorenal syndrome: a

pilot study. Acta Gastroenterol Belg. 2001;64(1):15-19.

228 Gastroenterology & Hepatology Volume 11, Issue 4 April 2015



56. Duvoux C, Zanditenas D, Hézode C, et al. Effects of noradrenalin and
albumin in patients with type I hepatorenal syndrome: a pilot study. Hepatology.
2002;36(2):374-380.

57. Ortega R, Gings P, Uriz J, et al. Terlipressin therapy with and without albumin
for patients with hepatorenal syndrome: results of a prospective, nonrandomized
study. Hepatology. 2002;36(4 pt 1):941-948.

58. Uriz ], Gines B, Cdrdenas A, et al. Terlipressin plus albumin infusion: an effec-
tive and safe therapy of hepatorenal syndrome. / Hepatol. 2000;33(1):43-48.

59. Gluud LL, Christensen K, Christensen E, Krag A. Systematic review of ran-
domized trials on vasoconstrictor drugs for hepatorenal syndrome. Hepatology.
2010;51(2):576-584.

60. Velez JC, Nietert PJ. Therapeutic response to vasoconstrictors in hepatorenal
syndrome parallels increase in mean arterial pressure: a pooled analysis of clinical
trials. Am J Kidney Dis. 2011;58(6):928-938.

61. Solanki P, Chawla A, Garg R, Gupta R, Jain M, Sarin SK. Beneficial effects
of terlipressin in hepatorenal syndrome: a prospective, randomized placebo-con-
trolled clinical trial. J Gastroenterol Hepatol. 2003;18(2):152-156.

62. Neri§, Pulvirenti D, Malaguarnera M, etal. Terlipressin and albumin in patients
with cirrhosis and type I hepatorenal syndrome. Dig Dis Sci. 2008;53(3):830-835.
63. Sanyal AJ, Boyer T, Garcia-Tsao G, et al; Terlipressin Study Group. A random-
ized, prospective, double-blind, placebo-controlled trial of terlipressin for type 1
hepatorenal syndrome. Gastroenterology. 2008;134(5):1360-1368.

64. Martin-Llahi M, Pépin MN, Guevara M, et al; TAHRS Investigators. Terli-
pressin and albumin vs albumin in patients with cirrhosis and hepatorenal syn-
drome: a randomized study. Gastroenterology. 2008;134(5):1352-1359.

65. European Association for the Study of the Liver. EASL clinical practice
guidelines on the management of ascites, spontaneous bacterial peritonitis, and
hepatorenal syndrome in cirrhosis. / Hepatol. 2010;53(3):397-417.

Gastroenterology & Hepatology Volume 11, Issue 4 April 2015

HYPONATREMIA AND HEPATORENAL SYNDROME

66. Alessandria C, Ottobrelli A, Debernardi-Venon W, et al. Noradrenalin vs
terlipressin in patients with hepatorenal syndrome: a prospective, randomized,
unblinded, pilot study. / Hepatol. 2007;47(4):499-505.

67. Sharma P, Kumar A, Shrama BC, Sarin SK. An open label, pilot, randomized con-
trolled trial of noradrenaline versus terlipressin in the treatment of type 1 hepatorenal
syndrome and predictors of response. Am ] Gastroenterol. 2008;103(7):1689-1697.
68. Kalambokis G, Economou M, Fotopoulos A, et al. The effects of chronic treat-
ment with octreotide versus octreotide plus midodrine on systemic hemodynamics
and renal hemodynamics and function in nonazotemic cirrhotic patients with
ascites. Am J Gastroenterol. 2005;100(4):879-885.

69. Angeli P, Volpin R, Piovan D, et al. Acute effects of the oral administration of
midodrine, an alpha-adrenergic agonist, on renal hemodynamics and renal func-
tion in cirrhotic patients with ascites. Heparology. 1998;28(4):937-943.

70. Kiser TH, Fish DN, Obritsch MD, Jung R, MacLaren R, Parikh CR. Vasopres-
sin, not octreotide, may be beneficial in the treatment of hepatorenal syndrome: a
retrospective study. Nephrol Dial Transplant. 2005;20(9):1813-1820.

71. Wong F, Pantea L, Sniderman K. Midodrine, octreotide, albumin, and TIPS
in selected patients with cirrhosis and type 1 hepatorenal syndrome. Hepatology.
2004;40(1):55-64.

72. Guevara M, Ginés P, Bandi JC, et al. Transjugular intrahepatic portosystemic
shunt in hepatorenal syndrome: effects on renal function and vasoactive systems.
Hepatology. 1998;28(2):416-422.

73. Brensing KA, Textor ], Perz ], et al. Long term outcome after transjugular
intrahepatic portosystemic stent-shunt in non-transplant cirrhotics with hepatore-
nal syndrome: a phase IT study. Guz. 2000;47(2):288-295.

74. Mitzner SR, Stange ], Klammt S, et al. Improvement of hepatorenal syndrome
with extracorporeal albumin dialysis MARS: results of a prospective, randomized,
controlled clinical trial. Liver Transpl. 2000;6(3):277-286.

229



